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Valid assessment with diverse populations requires tools that are not influenced by cultural
elements. This study investigated the relationships between culture, information processing
efficiency, and general cognitive capacities in samples of Caucasian and Mexican American
college students. Consistent with the neural efficiency hypothesis, pupillary responses (in-
dexing mental effort) and detection accuracy scores on a visual backward-masking task
were both significantly related to the Wechsler Adult Intelligence Scale—Revised (WAIS-R)
Full Scale scores. These measures of information processing efficiency were similar in the
two groups. However, they were related only to Caucasian American, but not to a compara-
ble sample of Mexican American, students’ WAIS-R scores. Therefore, the differential valid-
ity in prediction suggests that the WAIS-R test may contain cultural influences that reduce
the validity of the WAIS-R as a measure of cognitive ability for Mexican American students.
Information processing and psychophysiological approaches may be helpful in developing
culture-fair cognitive ability measures.
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Standardized cognitive ability testing has a far-reach- placed in special education programs (MacMillan, Gres-
ing impact on the lives of individuals, various ethnic ham, & Sipersein, 1993), whereas a relatively low number
groups, and our society as a whole. Testing outcomes are placed into gifted programs (Ford-Harris, 1993). The
guide educational, career, and social paths. For example, a ongoing debate over the possible presence of cultural in-
disproportionately high number of ethnic students are fluences (i.e., attitudes, values, beliefs, and behaviors of a
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group of people) and the appropriate use of current
eurocentrically developed assessment measures with eth-
nic minority and other cultural groups continues (for re-
views, see Armour-Thomas, 2003; Neisser et al., 1996;
Suzuki, Meller, & Ponterotto, 1996; Suzuki & Valencia,
1997, Valencia & Suzuki, 2001). Thus, the need for further
research on the role of cultural influence in testing and the
development of more culture-fair assessment tools persists
(Suzuki & Valencia, 1997; Valencia & Suzuki, 2001).

It has been difficult to provide empirical evidence for a
cultural bias in testing. Much research and discussion of
bias in standardized IQ testing has addressed the differ-
ence between African American and Caucasian American
1Q scores, but other ethnic groups have also shown lower
IQ scores than the Caucasian American population. For
example, Hispanic groups are reported to score about half-
way between African American and Caucasian American
groups; that is, approximately one-half standard deviation
below Caucasian American groups (Suzuki & Gutkin,
1993; Whitworth & Gibbons, 1986). Prevailing arguments
for group differentials on 1Q tests include a true group dif-
ferential, a reflection of test bias, and a pervasive societal
bias that affects informal and formal education (Neisser
etal., 1996). Ethnic group differences in IQ have been at-
tributed to a genetic hypothesis, which states that lower IQ
scores exhibited in one ethnic group as compared to an-
other group are due to a genetic disposition toward lower
cognitive ability levels (Jensen, 1969, 1973; Rushton,
1988). However, reviews investigating genetic contribu-
tions to group differences in cognitive ability have criti-
cized the methodology as problematic, findings as
inconsistent, and interpretations as inconclusive (Brody,
1992; Loehlin, 2000; Suzuki & Valencia, 1997). Alterna-
tively, cognitive ability tests may be susceptible to cultural
biases because they require shared values, shared knowl-
edge, and shared communication (Greenfield, 1997).

In a recent review of the testing literature, Valencia,
Suzuki, and Salinas (2001) studied 62 empirical investiga-
tions of cultural bias in cognitive ability measures. The
majority of the studies (71%) stated nonbiased findings,
but 29% found biased or mixed results. The authors also
examined the studies’ psychometric properties (reliability
and validity) and noted several methodological and
generalizability concerns. Many studies have investigated
criterion-related validity issues in addressing ethnic group
differences, but construct validity was also highlighted in
the Valencia et al. (2001) review as integral to the issue of

test bias because both have implications for the
appropriate inferences to draw from test score outcomes.
The authors concluded that cultural bias in cognitive
ability assessment remains an open issue.

Cole and Moss (1989) provided a construct-validity-
oriented definition of test bias that moves beyond many
criterion-related definitions by incorporating differential
validity for subgroups: “Bias is differential validity of a
given interpretation of test scores for any definable, rele-
vant subgroup of test takers” (p. 205). If a test were found
to be significantly associated with an established measure
of cognitive ability for a Caucasian American group, but
not for an ethnic group, then the test would be biased.
Demonstrating differential validity between groups on
cognitive ability tests breaks the circular arguments in
which criterion validity has been trapped (e.g., when other
criterion measures are also vulnerable to cultural factors).

In addition to improvements in the construct validity of
assessment instruments, the development of tests tapping
basic cognitive processing efficiency may also facilitate
advancements in the measurement of human intelligence
(Deary & Stough, 1996; Fagan, 1992, 2000; Fagan &
Haiken-Vasen, 1997). According to the cognitive/neural
efficiency hypothesis, individuals with higher level intel-
lectual abilities process information at a basic level more
efficiently (i.e., more rapidly and using less mental effort)
relative to individuals with lesser intellectual abilities
(Davidson & Downing, 2000; Haier, Siegel, Tang, Abel, &
Buchsbaum, 1992; A. E. Hendrickson, 1982; D. E.
Hendrickson, 1982; Schafer, 1982). The visual backward-
masking (VBM) task is one task used extensively in this
research to investigate the efficiency of the early stages of
human visual information processing (for reviews, see
Deary & Stough, 1996; Kranzler & Jensen, 1989). The
VBM task is used to quantify the amount of time required
to pass information through the sensory register (inspec-
tion time [IT]). The VBM procedure consists of a rapidly
presented target stimulus (e.g., letters or lines of different
length), a varying length of vacant time (interstimulus in-
tervals typically ranging from 20 milliseconds [ms] to 700
ms), and a masking stimulus that typically completely
covers the spatial presence of the target stimulus
(Saccuzzo, 1993). A condition in which only the target
stimulus is presented (i.e., no-mask condition) is often ad-
ministered to isolate the individual’s ability to process the
target stimulus without the effects of the masking stimu-
lus. The individual is usually asked to decide which of a
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pair of stimuli were presented as targets (i.e., forced-
choice paradigm). IT on the VBM task accounts for about
20% of the variance in intelligence scores (Deary &
Stough, 1996; Kranzler & Jensen, 1989; Longstreth,
Walsh, Alcorn, Szeszulski, & Manis, 1986; Nettlebeck,
Edwards, & Vreugdenhil, 1986). Early visual information
processing tasks such as IT, which concentrate on the first
few stages of processing, appear to be less influenced by
cultural and social learning factors than are higher order
cognitive measures (Deary & Stough, 1996; Fagan, 2000;
Fagan & Haiken-Vasen, 1997).

There have been only a few studies investigating infor-
mation processing efficiency and ethnicity (e.g., Bosco,
1972; Fagan & Haiken-Vasen, 1997; Haiken-Vasen, 1995;
Lancy, 1983; Lynn & Holmshaw, 1990; Seagrim &
Lendon, 1980). A comprehensive study by Saccuzzo,
Johnson, and Guertin (1994) evaluated 160 children com-
posing equal samples of four ethnic groups on a battery of
information processing tasks, including the VBM. Effi-
ciency of processing on the VBM was found to be the
strongest correlate of both IQ and membership in a gifted
program. Furthermore, no ethnic differences were found
for IT, and giftedness was essentially independent of eth-
nic background. Thus, the VBM task has shown promise
as a culture-fair measure of individual differences in
general cognitive capacities.

Although behavioral data measured during informa-
tion processing tasks (e.g., correct response) provide in-
formation about an individual’s processing output,
psychophysiological measures have the potential to assess
the individual’s processing capacities, such as the amount
of mental effort that was allocated to produce the correct
response. Many lines of psychophysiological research
have explored the cognitive/neural efficiency hypothesis.
For example, negative correlations have been found
between metabolic rates and IQ measures in positron-
emission tomography (PET) studies (e.g., Haier et al.,
1988, 1992; Parks, Lowenstein, & Dondrell, 1988) and be-
tween mental ability and various event-related potential
measures in electroencephalographic (EEG) studies (re-
viewed in Vernon, Wickett, Bazana, & Stelmack, 2000).
Thus, unique information about an individual’s cognitive
processing can be obtained by recording psychophysiolo-
gical measures during cognitive task performances while
simultaneously gathering more traditional behavioral
measures (e.g., correct response, reaction time).

Pupillary responses are a reliable measure of process-
ing load and processing resource allocation. In areview ar-
ticle of pupillometry studies of cognitive processing,
Beatty (1982) established that task-evoked pupillary re-
sponses reflect within-task, between-task, and between-
individual variations in processing demands. Pupillary di-
lation responses on tasks of working memory (e.g., digit
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span), language (e.g., grammatical reasoning, word
match, sentence encoding), reasoning (e.g., multiplica-
tion), and perception (e.g., discrimination, detection) have
been shown to reflect processing demands. Ahern and
Beatty (1979) demonstrated that individuals with higher
SAT scores had smaller pupillary dilations than individu-
als with lower SAT scores during multiplication tasks.
They concluded that individuals with more intellectual
abilities appear to process information with more effi-
ciency. More recently, Granholm, Asarnow, Sarkin, and
Dykes (1996) used a digit recall task to demonstrate that as
processing load (i.e., digit span) increased, pupil size re-
corded during the task also increased until it reached an as-
ymptote at resource limits (memory capacity of 7 £ 2
items), and then declined with overload. Thus, pupillary
responses appear to provide an index of processing
capacity limitations.

In a previous study, we demonstrated that pupillary di-
lation response measured processing resource allocation
on the VBM task (Verney, Granholm, & Dionisio, 2001).
Pupillary dilation responses were significantly greater
during task performance (cognitive load) than during a
passive stimulus viewing condition (no load). Consistent
with models of early visual information processing (Mi-
chaels & Turvey, 1979; Phillips, 1974), pupillary dilation
responses were significantly greater in the 317 ms condi-
tion than the no-mask condition, suggesting that the irrele-
vant masking stimulus demanded extra processing
resources when it followed the target by more than 100 ms.

The psychological assessment field needs new ideas
and methodologies that take advantage of new technolo-
gies in order to progress toward culture-fair cognitive abil-
ity assessment. Promising new methodologies to
accomplish this include information processing (VBM de-
tection accuracy scores) and psychophysiological mea-
sures (pupillary response measures) of cognitive ability.
By relating efficiency of information processing to higher
order processing (i.e., standardized 1Q test) within two dif-
ferent cultural groups (Mexican American and Caucasian
American), we can better understand the relationship be-
tween culture and cognitive capacity. This study proposes
to use anovel method of using information processing and
psychophysiological approaches to investigate the clini-
cally significant issue of evaluating equivalence of
construct validity in cognitive ability measures.

In this study it was hypothesized that after controlling
for socioeconomic status (SES), higher Wechsler Adult
Intelligence Scale-Revised (WAIS-R) Full Scale 1Q
(FSIQ) scores would be associated with greater detection
accuracy on the VBM task in the total sample. SES was
used as a covariate because it is correlated with cognitive
ability and has been shown to moderate ethnic difference
effects (Valencia & Suzuki, 2001). If confirmed, this
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would replicate previous findings that behavioral mea-
sures of information processing efficiency are strongly re-
lated to cognitive ability (Deary & Stough, 1996; Kranzler
& Jensen, 1989; Saccuzzo et al., 1994). It was also hypoth-
esized that pupillary dilations elicited by the VBM task
masking stimulus at longer stimulus-onset asynchrony
conditions would significantly add to the prediction in
FSIQ scores above and beyond that provided by detection
accuracy, with higher FSIQ scores associated with smaller
pupillary responses. If confirmed, this would replicate
previous findings that individuals with greater cognitive
abilities are able to perform cognitive tasks with less effort
(Ahern & Beatty, 1979). This would also provide further
evidence that individuals who wastefully allocate re-
sources to irrelevant information perform more poorly on
1Q tests (e.g., Cha & Merrill, 1994; McCall, 1994; Merrill
& Taube, 1996). Finally, it was hypothesized that these re-
lationships between FSIQ and detection accuracy and
pupillary response measures on the VBM task would be
stronger for the Caucasian American student sample than
for the Mexican American student sample. This hypothe-
sis is consistent with the definition and experimental ap-
proach of Cole and Moss (1989). If confirmed, this would
indicate that WAIS-R FSIQ scores are a less valid measure
of cognitive ability for Mexican American students than
for Caucasian American students.

METHOD

Participants

Undergraduate male and female students (n = 101)
were recruited from introductory psychology courses at
San Diego State University (SDSU). Participants were of-
fered class credit and monetary compensation for their
time and efforts and provided informed consent. The hu-
man subject committees of the University of California,
San Diego (UCSD), and SDSU approved this study.

Gender and ethnic inclusion. Two different ethnic pop-
ulations, Caucasian American and Mexican American un-
dergraduate students, were recruited for the study, because
these populations represent the largest proportions in the
SDSU community. Students who stated availability for re-
search studies at the university were contacted if they had
self-identified as belonging to either of these two groups.
The Scale of Ethnic Experience (SEE) (Malcarne,
Chavira, & Fernandez, 2004), which asks participants to
identify their ethnic group membership, was used to assess
their ethnic group status at the time of testing. The term
“Caucasian American” will be used to refer to those indi-
viduals who identified themselves as non-Hispanic White
and European American.

Participant exclusion criteria. Five individuals were
dropped from the study due to medical or physical rea-
sons: history of loss of consciousness over 2 minutes (n =
1), attention deficit disorder (n = 1), epileptic seizures (n =
1), learning disabilities (n = 1), and falling asleep during
testing (n = 1). One Peruvian student, who did not meet
criteria for inclusion into the Mexican American group,
was dropped from the study. Twelve participants who pre-
sented for the study were excluded from all the analyses
due to excessive eye blink artifacts (analyzable trials less
than 40%; n = 2), technical difficulties with the eye-track-
ing instrument (n = 2), abnormal tonic pupil measure-
ments (resting diameter outliers greater than 3 standard
deviations from the mean of all respondents; n = 2), or ex-
tremely poor VBM performance (at-chance no-mask con-
dition or no-mask performance outliers greater than 3
standard deviations from the mean of all participants; n =
6). Eight participants were excluded from the all the analy-
ses due to regression outlier criteria (see below). All par-
ticipants demonstrated at least 20/30 visual acuity
(corrected or noncorrected) as assessed by a Snellen wall
chart. No participant reported a history of substance abuse,
or smoking cigarettes or drinking caffeinated beverages
within 2 hours prior to the testing session.

Table 1 presents means and standard deviations and ¢
test comparisons between the two groups on relevant de-
mographic variables. The two groups did not differ signifi-
cantly in age, education, or gender (see Table 1).

Apparatus

A head-mounted infrared corneal-reflection-pupil-
center eye-tracking system, the Applied Science Labora-
tories Model 4000SU HMO, was used to gather
pupillometric data from the left eye during the VBM task
performance. Pupil diameter was sampled at 60 hertz (Hz)
(approximately every 16.7 ms). A 17-inch Super Video
Graphics Adapter (SVGA) monitor controlled by a per-
sonal computer (PC) was used to administer the VBM
task, and the keyboard arrow keys provided the right and
left response keys.

Procedure

VBM task. The VBM task was administered on a PC-
based system in order to accommodate the eye-tracking
system setup. The constraints of the computer monitor re-
freshrate (i.e., 60 Hz; 16.7 ms) prevented the attainment of
the traditional tachistoscopic-administered measurement
of IT on the VBM task. The IT procedure consists of the
manipulation of the critical stimulus duration (usually in
ms increments) in order to obtain an individual’s criterion
level of accuracy (e.g., 80%; for a review of the IT litera-
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ture, see Deary & Stough, 1996). Thus, detection accuracy
during a variety of stimulus onset asynchronies (SOA) on
the VBM task was used in this study as an index of infor-
mation processing efficiency. Participants were asked to
identify which of two target lines was longer (i.e., forced-
choice paradigm). Target and masking stimuli consisted of
black lines on a white background to reduce screen glare
effects and minimize the change that could be associated
with the pupil light reflex. The target stimulus consisted of
two adjacent vertical lines presented in the center of the
computer screen, 1.7 centimeters (cm) apart. For every
trial, one of the two lines (right or left) was longer than the
other (2.7 vs. 2 cm) and vertically offset in height in one of
six different target configurations. The upper end point of
the “short” line could be higher, equal, or lower than the
upper end point of the “long” line, and the short line could
be either the right or left line. Also, only one end point (up-
per or lower) of one target line could be in alignment with
the same end points of the masking lines. In this manner,
the effects of apparent movement or flicker as a mask-
breaking cue may be reduced (Alexander & Mackenzie,
1992). The long and short lines were randomly blocked in
series of 12 trials (so that each of the six offset configura-
tions was presented twice in every sequence of 12 trials).
The masking stimulus was composed of two 4-cm-long,
parallel lines that completely spatially replaced the target
stimulus lines with SOAs of either 50, 67, 100, 134, 317,
or 717 ms. A condition consisting of only the target stimu-
lus with no masking stimulus (no-mask condition) was in-
cluded as a control condition. These SOAs, composing a
typical range in the backward-masking literature and cov-
ering the range of fundamental visual backward-masking
mechanisms (Breitmeyer & Ganz, 1976; Michaels & Tur-
vey, 1979; Phillips, 1974), were bounded by the 60 Hz re-
fresh rate of the monitor and were timed to display in
accordance with the top of the refresh cycle. Twenty trials
were administered for each condition, resulting in 140 test
trials. The six SOA conditions along with the no-mask
condition were presented in four blocks, with each block
containing a set of 5 trials of each condition. The condi-
tions were randomized within each block, resulting in the
following counterbalanced sequence: 134, no mask, 67,
100,317,717,50, 134,717,317, 50, no mask, 100, 67, 50,
no mask, 717, 100, 317, 67, 134,317, 50, 67,717, 134, no
mask, 100 ms. Thus, presentation confounds (e.g.,
performance fatigue, pupillary response habituation)
between conditions during the task were diminished. Both
target and mask were of equal duration (16.7 ms; one 60
Hz screen refresh rate).

A calibration was first conducted to ensure participant-
pupillometer agreement on the center of visual field. At
the beginning of each trial, a blue fixation square (0.85 cm
x 0.85 cm) was presented in the center of the monitor (with

awhite screen background) for 1 second (sec) along with a
high-pitched tone (1,500 Hz for 500 ms). The fixation
square and tone served as visual and auditory cues to warn
the participant to prepare for the trial’s target stimulus. In-
structions were given to press either the right or left arrow
keys on the keyboard to indicate which of the two test lines
was longer. Both detection accuracy and speed was em-
phasized with the instruction, “Try to be as accurate as you
can, but also be as fast as you can.” Three seconds after the
onset of the target stimulus, a low-pitched tone (800 Hz for
500 ms) functioned as an auditory cue signaling the end of
the trial. The intertrial interval was set at 3 sec. Participants
were asked to refrain from blinking during the trial period
marked by the two auditory signals (i.e., high and low
beeps).

Prior to the test portion of the task, the participant was
given 21 practice trials. The practice trials began with the
easiest SOA conditions; namely, a no-mask trial followed
by a717 msand a317 ms SOA trial. The SOA durations of
the remaining 18 trials were randomly blocked. The first
12 practice trials provided computer-automated feedback
regarding the correctness of participant’s response. Feed-
back was not provided during the test phase of the study. A
moment of rest (i.e., approximately 10 to 15 sec) was al-
lowed after each presentation of 10 trials, and each partici-
pant was allowed a few minutes to rest halfway through the
test. The entire task (i.e., instructions, practice, and test)
took typically less than 35 minutes, with the test portion
taking about 22 minutes.

WAIS-R performance. The Satz-Mogel Abbreviated
Procedure (Satz & Mogel, 1962) for the WAIS-R (Wechs-
ler, 1981) was administered in English to each participant.
The WAIS-R was used in this study because much of the
ethnic-difference literature had been conducted using the
WAIS-R in the 1960s through the 1980s (see Valencia,
Suzuki, & Salinas, 2001). Scores derived using the Satz-
Mogel Abbreviated Procedure have demonstrated high
short form-complete form correlations with the complete
WAIS-R FSIQ (.95), Verbal 1Q (VIQ) (.94), and Perfor-
mance IQ (PIQ) (.89) (Silverstein, 1982). In this short ver-
sion, all subtests are given, but with only a portion of the
questions administered (e.g., every third or every other
item), thus requiring half the administration time.

The Wide Range Achievement Test, 3rd edition
(WRAT3). The WRAT3 (Wilkinson, 1993) Reading
subtest was administered to ensure that each participant
met the minimum English reading ability level for valid
WAIS-R results (Wechsler, 1981). All participants met the
English reading level minimum requirement. Further-
more, there was no significant difference between the
Mexican American sample and the Caucasian American
sample on the WRAT3 Reading subtest: Mexican Ameri-



can sample M = 47.83, SD = 4.06; Caucasian American
sample M = 47.90, SD = 3.61; #(73) = .08, ns. WRAT3
Reading subtest scores were significantly correlated with
WAIS-R FSIQ scores in the Caucasian American sample,
r(40)=.31, p <.05, but not in the Mexican American sam-
ple, (35) = .26, ns. These correlations were not signifi-
cantly different between the two groups, z, = .22, ns.

SES. SES is one of the major variables accounting for
intellectual differences within and between ethnic groups,
often transcending the predictor of ethnicity (Suzuki &
Valencia, 1997). SES was estimated by averaging the self-
reported variables of the participant’s mother and father’s
education level and family income. A relative score for
each participant was calculated by averaging the index of
each categorical variable. For example, if a participant had
a mother with 14 years of education, corresponding to an
index of 5 (some college), a father with 11 years of educa-
tion (index = 3, some high school beyond Grade 8), and a
family income of $45,000 (index =4, $40,000 to $50,000),
his or her resulting SES score would be 4.0.

SEE. The SEE (Malcarne et al., 2004) is a 32-self-
report-item questionnaire that can be used across ethnic
and racial groups. The SEE utilizes a 5-point Likert-type
scale to tap into a range of cultural and mainstream experi-
ences. Factor analyses have yielded four stable factors of
the SEE: Ethnic Identity, Perceived Discrimination, Social
Affiliation, and Mainstream Comfort. The SEE has dem-
onstrated good to excellent internal consistency across
various ethnic groups, satisfactory test-retest reliability,
and strong concurrent validity with other relevant ethnic
and acculturation measures.

Analyses

VBM pupillary response. Graphic displays of raw pupil
diameter data were first visually inspected for gross arti-
facts by a trained technician. Fewer than 4.3% of the test
trials were discarded due to major artifacts (e.g., technical
difficulties in data acquisition, obstruction of the eye im-
age) or excessive eye blinking. A computer algorithm was
used to remove eye blinks and other minor artifacts from
other trials by linear interpolation (Beatty & Lucero-
Wagoner, 2000). A 7-point smoothing filter was then
passed over the data. For each participant, an average
pupillary response was calculated for the artifact-free tri-
als of each SOA condition. To fully and objectively exam-
ine the pupillary response waveform across the 3-second
trial, and to eliminate the effects of individual differences
in resting pupil size and pupil mobility, a varimax rotation
principle components analysis (PCA) was performed on
180 time points (i.e., 3 sec) of the pupil response wave-
form time locked to stimulus onset across the seven
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masked and no-mask conditions for all participants. PCA
is often used in psychophysiological data as a method of
reducing the large number of data time points to a small
number of meaningful factors. A varimax rotation, one of
the most commonly used rotation methods in PCA analy-
sis, minimizes the complexity of factors by maximizing
variance of loadings on each factor. Orthogonal compo-
nents are extracted that summarize the patterns of correla-
tions in the observed data points. Resulting factor scores
are the correlations between the data time points and the
PCA factors. A successful PCA will account for a large
amount of variance in the data and yield interpretable fac-
tors that make sense (Tabachnick & Fidell, 1996). Three
prominent stable factors emerged (see Figure 1A) ac-
counting for 95.3% of the variance in the pupillary re-
sponse data. As indicated by the squared multiple
correlations, all factors were internally consistent and well
defined by the data (the lowest of the squared multiple cor-
relations for factors from data was .67). The three compo-
nents formed a linear time course of the pupillary response
waveform (see Figure 1A): (a) an early component from 0
to 0.7 sec (the third rotated factor; eigenvalue, or percent-
age of variance explained, of 5.8); (b) a middle component
from 0.7 to 1.53 sec (second rotated factor; eigenvalue =
20.8); and (c) a late component from 1.53 to 3.0 seconds
(first rotated factor; eigenvalue = 68.7). The third rotated
factor occurs at a time frame when a response to an illumi-
nation change typically occurs (Loewenfeld, 1999). The
second rotated factor occurs at the time window typically
taken to represent resource allocation to the task perfor-
mance (e.g., discriminating and evaluating the target lines,
making a decision as to which line is longer, and generat-
ing a motor response) (Beatty, 1982; Steinhauer &
Hakerem, 1992). The first rotated factor, which included
the pupillary response’s return to baseline, likely indexed
resource allocation to the mask in the longer SOA condi-
tions (i.e., greater than 100 ms) (Verney et al., 2001).
Based on our previous findings (Verney et al., 2001), we
were most interested in the first rotated factor because this
factor allowed us to isolate the resource allocation devoted
to the masking stimulus, an irrelevant stimulus to the task.
Wastefully allocating resources to irrelevant information
has been associated with lower cognitive ability perfor-
mance (e.g., Cha & Merrill, 1994; McCall, 1994; Merrill
& Taube, 1996). The masking stimulus becomes a distinct
percept from the target stimulus at SOA conditions greater
than 100 ms (Michaels & Turvey, 1979; Phillips, 1974).
Therefore, the difference between the average of the
longer SOA conditions (i.e., 317 and 717 ms conditions)
and the no-mask condition in the first rotated factor was
used as an index of the amount of resource allocation
devoted to the masking stimulus (average VBM mask
pupillary response).
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FIGURE 1
Raw Pupillary Responses (in millimeters [mm]) From Baseline for the Six Stimulus
Onset Asynchronies (SOA) Conditions and the No-Mask Condition Elicited During
the Visual Backward-Masking (VBM) Task
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NOTE: (A) The three principal components analysis (PCA) rotated factors for one respondent. The difference between the average of the longer SOA con-
ditions (i.e., 317 and 717 milliseconds [ms] conditions) and the no-mask condition for the first factor was used as an index of the amount of resource alloca-
tion devoted to the masking stimulus (average VBM mask pupillary response). The arrow indicates resources devoted to the mask in the longest SOA
condition. Averaged raw pupillary responses for (B) the Caucasian American group (n = 35) and (C) for the Mexican American group (n = 21).

VBM detection accuracy. The number of correct re-
sponses on the VBM task was recorded for each of the six
masked SOA conditions and the no-mask condition. To
maximize the sensitivity of overall detection accuracy to
individual differences in VBM performance, conditions
with floor and ceiling effects were discarded. Floor effects
were determined by calculating the probability that perfor-
mance in an SOA condition differed significantly from
chance-level performance (50%) using 95% confidence
intervals. Both the 50 and 67 ms SOA conditions were at
chance-level detection accuracy and were discarded when
calculating overall detection accuracy. Performance in the

no-mask condition did not differ significantly from perfect
accuracy and had low variability (M = 94.3, SD = 6.3).
Thus, the no-mask condition was at ceiling and discarded
when calculating overall detection accuracy. Average
VBM detection accuracy was, therefore, defined as the av-
erage percentage correct for the intermediate and longer
masked SOA conditions (i.e., 100, 134, 317, and 717 ms
conditions).

Statistical analysis. All regression residuals met criteria
for normality, linearity, and homoscedasticity. Univariate
outlying scores (scores > 3 SD) were assigned a score that
was one unit larger (or smaller) than the next most extreme



score in the distribution (Tabachnick & Fidell, 1996). This
procedure only resulted in adjusting one Caucasian Amer-
ican participant’s WAIS-R FSIQ score downward.
Bivariate and multivariate outliers were identified through
studentized residuals (studentized residual > 2) and were
dropped. Four Caucasian American and 4 Mexican Amer-
ican participants were dropped as multivariate outliers.

The dependent variable was WAIS-R FSIQ. Four pre-
dictor variables were calculated for each participant: (a)
SES was defined as the average ratings of family income,
father’s education level, and mother’s education level, (b)
average VBM detection accuracy, (c) average VBM mask
pupillary response, (d) ethnicity. Neither gender nor VBM
median response time significantly influenced the analyses
below; thus, these variables are not included in the analyses.

Several multiple linear regressions were used to exam-
ine relationships among various combinations of the vari-
ables in different subgroups. The total sample was used to
test the contributions of the information processing effi-
ciency variables to FSIQ. To compare information pro-
cessing efficiency within the two groups, two subgroups
of the total sample, which were compatible on FSIQ as de-
scribed below, were used. To control for Type I error, sig-
nificance levels for the regressions on group comparisons
were Bonferroni corrected to oo = .025. Repeated measures
analysis of variance (ANOVA) was used to analyze the
predictor variables and were adjusted for violations of
sphericity using the Huynh-Feldt adjustment where
appropriate.

RESULTS
Ethnic Group Comparisons

WAIS-R FSIQ, VIQ, and PIQ. Table 1 presents the
WAIS-R FSIQ, VIQ, and PIQ scores for the Caucasian
American and Mexican American total and FSIQ-compat-
ible samples. Caucasian American participants performed
significantly higher than Mexican American participants
on FSIQ, VIQ, and PIQ in the total samples. When the two
groups were of comparable FSIQ (i.e., FSIQ-compatible
samples, as outlined below), there were no significant
differences on FSIQ, VIQ, or PIQ.

SES. Table 1 presents the SES variable and its compo-
nents (i.e., mother’s education level, father’s education
level, family income) for the total and FSIQ-compatible
samples of Caucasian American and Mexican American
participants. Caucasian American participants had signifi-
cantly higher SES for both the total and the FSIQ-compati-
ble samples than did the Mexican American participants.
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SEE. Table 1 presents the SEE (Malcarne et al., 2004)
factor scores of Ethnic Identity, Perceived Discrimination,
Mainstream Comfort, and Social Affiliation as well as the
self-reported items of having learned English as the first
language, being bilingual, and the number of generations
the participant’s family has resided in the United States
(Generations in US) for the total and FSIQ-compatible
samples of Caucasian American and Mexican American
participants. For both the total and FSIQ-compatible sam-
ples, Mexican American participants reported being sig-
nificantly more ethnically identified, perceiving more
discrimination, being less comfortable in mainstream U.S.
society, being less likely to have learned English as a first
language, being more likely to be bilingual, and having
had fewer generations lived in the United States than their
Caucasian American counterparts.

VBM detection accuracy. Table 1 presents the average
VBM detection accuracy scores, which did not differ sig-
nificantly between the Caucasian American and Mexican
American participants for the total and FSIQ-compatible
samples. Table 2 presents VBM detection accuracy scores
for the six SOA masking conditions and the no-mask con-
dition for the total and FSIQ-compatible samples. All
samples show a typical profile for the VBM task, with at-
chance performance in the shorter SOAs and higher per-
centage correct responses for the longer SOAs and the no-
mask conditions. A 2 (Ethnicity) x 7 (SOA) repeated-mea-
sures ANOVA conducted on the percentage of correct re-
sponses in the total samples resulted in a significant main
effect for SOA, F(6,367.7) = 144.02, p <.01,n? = .66, but
the main effect for ethnicity was not significant; F(1,73) =
2.82, ns, n? = .04. The SOA x Ethnicity interaction was
also not significant, F(6, 367.7) = 1.60, ns, n2 = .02.
A similar pattern of ANOVA results was found for the
FSIQ-compatible samples: SOA, F(6,251.6)=129.53,p <
.01, n2 =.71; ethnicity, F(1, 54) = .00, ns, n2 =.00; SOA x
Ethnicity, F(6, 251.6) = 1.01, ns, n> = .02.

VBM mask pupillary response. Figure 1 presents the
averaged raw pupillary responses for the Caucasian Amer-
ican group (see Figure 1B) and the Mexican American
Group (see Figure 1C). Table 1 presents the average VBM
mask pupillary response, which did not differ significantly
between the Caucasian American and Mexican American
participants in either the total or the FSIQ-compatible
samples. Table 2 presents pupillary responses for the late
mask component (first rotated PCA factor) for the six SOA
masking conditions and the no-mask condition for the to-
tal samples. A 2 (Ethnicity) x 7 (SOA) repeated measures
ANOVA conducted on these data resulted in a significant
main effect for SOA, F(6, 398) = 3.56, p < .01, n* = .05.
The ethnicity main effect was not significant, F(1, 73) =
17, ns, nz =.00, nor was the SOA x Ethnicity interaction,
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F(6,398)=1.22, ns,n*=.02. Consistent with our previous
study (Verney et al., 2001) follow-up analyses
(Bonferroni’s method) found that only the latest SOA con-
dition (717 ms) was significantly greater than the no-mask
condition, #(74) =2.84, p < .01, suggesting that the 717 ms
condition required greater resource allocation over that of
the no-mask condition. A 2 (Ethnicity) x 7 (SOA) repeated
measures ANOVA conducted on these data for the FSIQ-
compatible samples did not result in significant main or in-
teraction effects; SOA, F(6, 324) = 1.31, ns, nz =.02; eth-
nicity, F(1, 49) = .18, ns, n* = .00; SOA x Ethnicity, F(6,
324)=1.08, ns,n> = .02.

Regression Analyses

VBM detection accuracy and FSIQ. A regression anal-
ysis was used to investigate the study’s first hypothesis,
that is, the relationship between the behavioral index of in-
formation processing efficiency, VBM detection accuracy,
and general cognitive ability, WAIS-R FSIQ scores. The
hierarchical regression model for the prediction of WAIS-
R FSIQ in the total sample is presented in Table 3. SES was
used as a covariate to better investigate the relationships of
interest. SES significantly predicted FSIQ in Step 1 of the
regression, accounting for 13.7% of the variance. Consis-
tent with the study hypothesis, the addition of average
VBM detection accuracy resulted in a significant model
and in a significant change in R>. Higher average VBM de-
tection accuracy significantly predicted higher FSIQ and
accounted for 17% of the variance in FSIQ beyond that
accounted for by SES.

VBM pupillary response and FSIQ. The hierarchical
regression was expanded to investigate the study’s second
hypothesis, that is, the contribution of the psychophysi-
ological index of information processing efficiency, VBM
mask pupillary response. As predicted, Step 3, adding av-
erage VBM mask pupillary response, added another
10.6% of the variance in predicting FSIQ. Lower average
VBM mask pupillary response predicted higher FSIQ.

Ethnicity and FSIQ. To investigate the relationship be-
tween ethnicity and FSIQ after SES and information pro-
cessing efficiency had been taken into account, ethnicity
was added to the hierarchical regression in Step 4. The ad-
dition of ethnicity resulted in a significant model and a sig-
nificant change in R* over Step 3, accounting for another
3.9% of the variance in predicting FSIQ. This suggests
that predictions of FSIQ depended on group membership.
This relationship is investigated further in the analyses
below.

Table 3 also presents the distribution of the unique vari-
ance, sr, attributed to each predictor variable in the full
model regression predicting FSIQ. In the presence of all
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predictor variables, SES did not significantly add to the
FSIQ full model regression. Average VBM detection ac-
curacy significantly accounted for 8.0% of FSIQ, and av-
erage VBM mask pupillary response significantly
accounted for 11.1% of FSIQ. Therefore, average VBM
detection accuracy and average VBM mask pupillary re-
sponse, measures of information processing efficiency,
were independently associated with overall cognitive abil-
ity. Furthermore, both information-processing variables
appeared to be tapping into an overall cognitive ability
level rather than a specific cognitive domain, because each
variable was significantly correlated with each WAIS-R
factor, VIQ, and PIQ, and no differences were found be-
tween the correlations (no z, was greater than 1.46). VBM
detection accuracy was significantly correlated with
WAIS-R VIQ, n(75)= .43, p <.01, and PIQ, n(75)= .39, p <
.01. VBM mask pupillary response was significantly cor-
related with WAIS-R VIQ, r(75) =-.51, p <.01, and PIQ,
r(75) = =28, p < .05. Ethnicity also significantly ac-
counted for 3.9% of FSIQ. To examine this further, we in-
vestigated the contribution of information processing
efficiency in FSIQ-compatible Caucasian American and
Mexican American groups.

Predicting FSIQ in FSIQ-compatible samples. Regres-
sion analyses were used to investigate the differential va-
lidity hypothesis in cognitive assessment, the third stated
hypothesis of this study, by analyzing the relationship be-
tween the information processing efficiency variables
(VBM performance and pupillary response) and general
cognitive ability (WAIS-R) for the two ethnic groups.
Consistent with previous research (Suzuki & Gutkin,
1993; Whitworth & Gibbons, 1986), FSIQ distributions
for the two ethnic groups (see Table 1) indicated overlap-
ping but offset distributions with different variances. This
is problematic for ethnic group comparisons because it
does not allow for a direct analysis of the construct validity
in question. For example, the relationship between infor-
mation processing efficiency and IQ may not be a linear
one. That s, individuals exhibiting lower IQ levels may be
more dependent on the efficiency of information process-
ing to perform a given task than individuals performing at
higher IQ levels. Studies have suggested that the IT-1Q re-
lationship is stronger with more cognitively impaired and
older individuals (Deary, Hunger, Langan, & Goodwin,
1991; Nettelbeck & Rabbitt, 1992). Conversely, individu-
als performing at higher IQ levels may be processing at ef-
ficiency levels that are more task dependent than
efficiency dependent. Therefore, regression analyses pre-
dicting FSIQ by information processing and pupillary re-
sponse variables were conducted with a FSIQ range
common to both groups. The common range was defined
as = I standard deviation from the total sample mean (93 to
112 FSIQ points). Thus, subgroups taken from the total
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samples falling in this common range formed the FSIQ-
compatible groups. Table 1 presents the pertinent demo-
graphic and regression variables for the resulting FSIQ-
compatible groups. The two groups did not differ signifi-
cantly from each other on FSIQ, nor did they differ signifi-
cantly on the predictor variables of average VBM
detection accuracy or average VBM mask pupil response.
However, the compatible Caucasian American
participants had a significantly higher SES background
than did their Mexican American counterparts.

To investigate the hypothesis that efficiency of infor-
mation processing would significantly predict FSIQ
scores in the Caucasian American sample, a hierarchical
regression model for the FSIQ-compatible Caucasian
American participants was conducted and is presented in
Table 3. In Step 1, SES was not significant. Step 2 added
average VBM detection accuracy and resulted in neither a
significant model nor a significant change in R*. Step 3
added average VBM mask pupillary response and resulted
in both a significant model and a significant change in R>.
Information processing efficiency, as indexed by both the
average VBM detection accuracy and average mask
pupillary response variables, accounted for 26.7% of the
variance in FSIQ above that of SES in the FSIQ-compati-
ble Caucasian American group. The full model regression
revealed that average VBM mask pupillary response sig-
nificantly and independently accounted for 18.9% of the
variance in FSIQ and average VBM detection accuracy
significantly and independently accounted for 7.8%.

Table 3 also presents the hierarchical regression model
for the FSIQ-compatible Mexican American participants.
In Step 1, SES was not significant. Despite significant
group differences, SES appeared not to have played a sig-
nificant role in the regression analyses investigating ethnic
differences. Step 2 added average VBM detection accu-
racy and Step 3 added average VBM mask pupillary re-
sponse, but neither steps resulted in significant models or
in significant changes in R Consistent with the study hy-
pothesis, significant changes in R? attributed to informa-
tion processing efficiency in predicting FSIQ were found
for the Caucasian American sample, whereas the regres-
sion model for the Mexican American sample resulted in a
much weaker prediction (two fifths the effect size, R?, for
the Caucasian American sample), which was not statisti-
cally significant. A direct comparison of the bivariate cor-
relations between the two hierarchical regression results
yielded no significant differences between the regressions,
z, = .74, ns. However, the near zero adjusted R?, the small
effect size R%, and the near one F model statistics for the
Mexican American sample suggested that a significant in-
crease in the Mexican American sample size, and thus
power, would not bring about an equivalent level of
strength of association for the two groups.
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DISCUSSION

This project utilized an information processing ap-
proach in conjunction with a psychophysiological mea-
sure, task-evoked pupillary dilation response, to
investigate how culture may relate to cognitive ability test-
ing. Consistent with numerous studies (reviewed in Deary
& Stough, 1996; Kranzler & Jensen, 1989), a behavioral
measure of visual IT, average VBM detection accuracy,
was significantly related to WAIS-R (Satz-Mogel Abbre-
viated Procedure) (Satz & Mogel, 1962) FSIQ scores, ac-
counting for about 17.0% of the variance after SES had
been taken into account. Participants who more accurately
detected VBM target stimuli had higher FSIQ scores. As
predicted, a psychophysiological measure indexing pro-
cessing resource allocation to the masking stimulus, aver-
age VBM mask pupillary response, significantly added to
the predictions of FSIQ by uniquely accounting for 10.6%
of FSIQ scores above and beyond that accounted by SES
and average VBM detection accuracy. This finding is con-
sistent with the hypothesis that individuals who wastefully
allocate resources to irrelevant information, the VBM
masking stimulus in this study, perform more poorly on IQ
tests (e.g., Cha & Merrill, 1994; McCall, 1994; Merrill &
Taube, 1996).

Consistent with the study hypotheses, detection accu-
racy and pupillary response measures on the VBM task
were significantly related to Caucasian American stu-
dents’ WAIS-R scores, but did not significantly relate to
Mexican American students’ scores when the two groups
were compatible on FSIQ. The effect size for the Mexican
American sample was two fifths that of the Caucasian
American sample, and the small nonsignificant effect size
(R*=.10) for the Mexican American sample would require
4 times the number of Mexican American participants to
be significant. This finding of differential validity meets
the criteria for test bias as set forth by Cole and Moss
(1989). A plausible explanation for this disassociation is
that WAIS-R scores are a less valid measure of cognitive
ability for Mexican American than for Caucasian Ameri-
can students due to some form of cultural bias on the
WAIS-R that is not as much a factor on information pro-
cessing and pupillary response measures. These data do
not mean that the Mexican American sample or the Mexi-
can American population is less intelligent than the Cau-
casian American sample. On the contrary, these data
indicate equal cognitive ability in the Mexican American
and Caucasian American samples on the theoretically
more culture-fair information processing and
psychophysiological measures but lower WAIS-R FSIQ
test scores in Mexican Americans, possibly due to the cul-
tural influences embedded in this test. These findings and
interpretations are consistent with Fagan’s (1992, 2000;
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Fagan & Haiken-Vasen, 1997) theory of intelligence as
processing, which may reduce cultural biases in standard-
ized assessment. If standardized assessments such as
the WAIS-R were influenced by cultural differences, then
differential placement into educational and vocational
programs would be expected. The problem of dispropor-
tionately high numbers of ethnic students placed in special
education programs (MacMillan et al., 1993) and low
numbers placed into gifted programs (Ford-Harris, 1993)
might be remedied by developing assessment methods
that are less influenced by culture differences. Information
processing tasks and psychophysiological measures are
thought to index basic cognitive processes (i.e., early
processing stages of perception, discrimination, and
filtering) that are minimally influenced by cultural or
environmental factors.

One could consider other possible explanations for the
results. A genetic hypothesis has been used to explain eth-
nic differences on cognitive ability testing (Jensen, 1969,
1973; Rushton, 1988). The genetic hypothesis predicts
lowered performances on all cognitive assessment levels.
In this study, however, there were no significant ethnic dif-
ferences on the predictor variables (i.e., average VBM de-
tection accuracy, average VBM mask pupillary response)
in the samples that differed significantly on FSIQ. Differ-
ential motivation is another potential explanation for the
findings in this study. However, motivational differences
(Larson, Saccuzzo, & Brown, 1994) and the use of strate-
gies (Deary & Stough, 1996) have not accounted for the
IT-1Q correlation. Both groups performed equally on the
information processing efficiency measures and per-
formed at levels slightly higher on the WAIS-R than is
found in the literature (Suzuki & Gutkin, 1993; Wechsler,
1981; Whitworth & Gibbons, 1986). Therefore, differen-
tial motivation is not a likely explanation for these find-
ings. Finally, one might consider that linguistic bias could
explain the findings in this study because the two groups
differed on first language learned and bilingualism. How-
ever, the two groups did not differ on their performance of
the Reading subtest of the WRAT3, their correlations be-
tween the WRAT3 and WAIS-R scores, or their WAIS-R
VIQ scores in the FSIQ-compatible analyses. Language
differences alone, therefore, cannot explain the
differences found between the two groups.

The pattern of differential validity found between the
two groups in this study may have clinical relevance for
the assessment industry. The United States continues to in-
crease in multicultural composition, bringing the issues
regarding appropriate assessment to the forefront of pro-
fessional concern. The findings in this study suggest that it
may be possible in the future to use information process-
ing and psychophysiological measures to assess cognitive
ability in culturally diverse populations. There is mount-

ing evidence that several culturally related variables are
correlated with performance on currently available stan-
dardized cognitive ability tests. Accounting for SES, for
example, reduces ethnic group differences (Valencia &
Suzuki, 2001). Consistent with this literature, SES was as-
sociated with FSIQ in this study in the total sample. In the
FSIQ-compatible samples, SES differed significantly be-
tween the two groups but had negligible impact on FSIQ
for either group. The two groups also differed on several
other culturally relevant variables, including first lan-
guage learned, bilingualism, the number of generations
the participants’ families have resided in the United States,
and indices of ethnic experience on the SEE. These find-
ings are consistent with cultural cognitive ability corre-
lates reported in the literature. For example, home
environment (Valencia & Suzuki, 2001), language prefer-
ence (Harris, Tulsky, & Schultheis, 2003), and length and
quality of education (Ceci & Williams, 1997) have all been
found to influence performance on standardized cognitive
ability tests. Similarly, cross-cultural studies in
neuropsychology have found associations between
neuropsychological performance and bilingualism, illiter-
acy, level and quality of education, acculturation, and cul-
tural variables on handedness (Ardila, 1995; Ferraro,
2002; Fletcher-Janzen, Strickland, & Reynolds, 2000).
Our findings do not permit conclusions about which of
these factors may have contributed to cultural bias on the
WAIS-R in the Mexican American sample. Studies are
needed to investigate the extent and role of these culturally
related correlates with cognitive ability assessment
measures.

Consistent with numerous studies spanning more than
25 years of research (reviewed in Deary & Stough, 1996;
Kranzler & Jensen, 1989), a substantial correlation was
found between average VBM detection accuracy and
FSIQ. Most studies have used a tachistoscope to adminis-
ter the task, and I'T was used as the dependent variable. In
contrast, a computer-administered task was used in this
study and detection accuracy was the dependent variable.
Despite methodological differences across studies, aver-
age VBM detection accuracy proved to be of comparable
predictive value to that in previous studies.

Task-evoked pupillary response as an index of informa-
tion processing efficiency proved to be a novel and power-
ful predictor of cognitive ability. A PCA component of
pupillary response that appeared to index resource alloca-
tion to the masking stimulus (Verney etal., 2001), the aver-
age VBM mask pupillary response variable, contributed
significantly to predictions in WAIS-R scores. Further-
more, the average mask pupillary response variable had
the most substantial semipartial correlation in the full
model regression, accounting for 11.1% of the variance in
FSIQ in the presence of SES, average VBM detection ac-



curacy, and ethnicity. Pupillary responses in a subset of
these participants also significantly predicted SAT scores
(Verney, Granholm, & Marshall, 2004). In a previous
study (Verney et al., 2001), we found that only the
pupillary responses during a late SOA condition differed
significantly from the no-mask condition, suggesting that
the irrelevant masking stimulus demanded additional pro-
cessing resources. This earlier finding was replicated in
this study. Consistent with cognitive models of selective
attention (Schneider & Fisk, 1984; Shiffrin & Schneider,
1977), individuals with greater mask processing (i.e.,
pupillary dilation response) may have failed to inhibit the
masking stimulus and thus required more resources in
processing the mask before deeming it irrelevant.

A few studies have shown that wastefully allocating re-
sources to distracting information is associated with
poorer cognitive ability (Cha & Merrill, 1994; McCall,
1994; Merrill & Taube, 1996). Most of these studies were
conducted on more extreme populations (e.g., individuals
exhibiting mental retardation). The present study provides
further support for the hypothesis that wasteful allocation
of resources to irrelevant information correlates substan-
tially with cognitive ability in a normal college student
population. A few possible explanations for this finding
exist. Alternative explanations may include that the mask
as a separate, distinct percept in the longer SOA conditions
(Michaels & Turvey, 1979, Phillips, 1974) demands more
resources for individuals with lower intellectual ability
(because they actively and routinely process the stimulus
before determining the information to be irrelevant), that
individuals with higher intellectual abilities may actively
inhibit the masking stimulus before resources are allo-
cated to processing the irrelevant information, or that indi-
viduals with higher intellectual abilities quickly automate
the processing of the masking stimulus. This study was not
designed to investigate these possible mechanisms (see
Verney et al., 2004, for more discussion). Further research
is needed to determine the role of processing irrelevant
information in intelligence.

Much more research is needed on test bias and multi-
cultural assessment (Suzuki & Valencia, 1997; Valencia
et al., 2001). This study should be replicated with larger
samples representing greater diversity in culture and IQ to
address issues of restricted ranges in cognitive ability and
ethnic experience. Other information processing tasks tap-
ping elementary cognitive constructs may also prove use-
ful both in predicting cognitive ability scores and honing
in on the construct of intelligence. For example, working
memory (e.g., Kyllonen & Christal, 1990) and attention to
novel stimuli (Fagan, 1992, 2000; Fagan & Haiken-Vasen,
1997) have been found to have significant correlations
with IQ tests. Similarly, other psychophysiological mea-
surements, such as functional magnetic resonance imag-
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ing and electroencephalograms, provide valuable infor-
mation regarding human information processing and the
extent of cognitive activation required to perform tasks.
The results found in this study suggest that combining in-
formation processing tasks with novel
psychophysiological measurements may ultimately lead
to more culture-fair methods of cognitive ability
assessment.
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